INTRODUCTION {#sec1-1}
============

Histopathologic classification of pancreatic endocrine neoplasms is complex and the recent World Health Organization (WHO) classification of tumors of the digestive system divides pancreatic endocrine tumors into three grades based on mitotic rate and proliferation index (PI) as determined by Ki-67 immunohistochemical staining.\[[@ref1][@ref2][@ref3]\] The WHO classification is formulated for the evaluation of histologic specimens which are paraffin embedded and formalin fixed. Specific recommendations are not given for the evaluation of cytologic specimens. The Papanicolaou Society of Cytopathology (PSC) has developed a set of guidelines for the investigation and diagnosis of pancreatic and biliary tract lesions.\[[@ref4]\] These guidelines recommend a categorization scheme and diagnostic criteria. The scheme includes six categories composed of "nondiagnostic," "negative," "atypical," "neoplastic," "suspicious for malignancy," and "malignant."\[[@ref4]\] The "neoplastic" category is further sub-divided into neoplasm, benign, and "neoplasm, other". Following the PSC criteria, pancreatic endocrine neoplasms are placed in either the "neoplasm, other" or "malignant" categories depending on cytologic features.

Several authors have applied the WHO recommendations for classification to formalin fixed paraffin-embedded cell block specimens obtained by fine needle aspiration (FNA).\[[@ref5][@ref6][@ref7][@ref8]\] These studies have shown good correlation between results obtained from cell block specimens and subsequent surgical specimens.\[[@ref6][@ref7][@ref8]\] Analysis of histologic specimens using the WHO criteria appears to have clinical relevance.\[[@ref9]\] Endoscopic ultrasound (EUS) guided FNA biopsies of pancreatic lesions do not invariably result in cell block material and may produce only smear preparations. Such preparations may be stained by either the Diff-Quik or the Papanicolaou methods, and if rapid on-site evaluation is utilized, a significant proportion of the resultant smears are Diff-Quik stained. This may result in the only material available for evaluation being air-dried Diff-Quik stained smears.

Little information exists as to criteria for separating cytologic specimens of pancreatic endocrine neoplasms into low-, intermediate-, and high-grade lesions corresponding to the WHO system. The PSC guidelines recommend categorizing pancreatic endocrine neoplasms as high-grade lesions (malignant, pancreatic endocrine carcinoma) and low- or intermediate-grade lesions ("neoplasm, other", pancreatic endocrine tumor).\[[@ref4]\] While the high-grade malignant lesions are invariably aggressive neoplasms and require an aggressive therapeutic approach, neoplasms cytologically characterized as "neoplasm, other (pancreatic endocrine tumor)" have a variable biological behavior with some showing aggressive features including metastases while others have a more indolent behavior. Malignant neuroendocrine carcinomas in the PSC classification are histologically small cell and large cell neuroendocrine carcinomas with aggressive behavior. The PSC guidelines do no offer criteria for separating pancreatic endocrine neoplasms categorized as "neoplasm, other" into those likely to behave aggressively and those with a more indolent clinical course. Prior studies have demonstrated the utility of cell block material for such separation but criteria for the analysis of smear preparations have not been published. We utilized a series of 36 pancreatic endocrine tumors including low-, intermediate-, and high-grade examples to develop a set of cytomorphologic criteria and a related scoring system to identify pancreatic endocrine neoplasms with a poor outcome in smear preparations. Herein, we report the results of that study.

METHODS {#sec1-2}
=======

The present study was reviewed by the Institutional Review Board and determined to be exempt. The study follows the tenets of the Helsinki agreement. The case files of the Department of Pathology and Anatomical Sciences at the University of Missouri and the Department of Pathology and Laboratory Medicine at the University of Utah/ARUP Laboratories were searched for all FNA biopsies of pancreatic endocrine neoplasms performed between January 2008 and January 2014. Cases had a clinical follow-up of between 1 and 7 years. Thirty-two cases classified as "neoplasm, other, pancreatic endocrine neoplasm" and four classified as "malignant, pancreatic endocrine carcinoma" were identified and the corresponding slides obtained. The malignant cases included two small cell carcinomas and two large cell neuroendocrine carcinomas. Cases with biopsy or resection specimen were graded using the WHO recommendations and classified as neuroendocrine neoplasm Grade 1, neuroendocrine neoplasm; Grade 2 or neuroendocrine neoplasm; Grade 3. The histologic grading was based on Ki-67 index, mitotic counts, the presence or absence of necrosis, and the presence or absence of angioinvasion. Histology, in some cases, was performed on only biopsy specimens while others were resection specimens. All cases had Diff-Quik stained smears, and these smears formed the basis of the present study. For each case, twenty morphologic features \[[Table 1](#T1){ref-type="table"}\] were independently evaluated by two raters. Evaluations were made only on the basis of morphology as seen in Diff-Quik stained slide material. Diff-Quik material was used as this is the preparation type used for rapid on-site evaluation. Raters were blinded to the original diagnoses and did not have access to clinical information. Both raters were board-certified cytopathologists with 8 and 30 years of experience, respectively. The morphologic features scored are listed in [Table 1](#T1){ref-type="table"}. Chromatin stringing is defined as artifactual pulling of nuclear chromatinic material into long chords due to the smearing process. For cytologic evaluation, mitotic activity was graded as absent (no mitotic figures seen) or present (one or more mitotic figures seen in the smear). Morphologic features were classified as absent or present (either focal or diffuse). Outcomes were classified as poor or not poor. Poor outcomes included metastases, death, or high-grade lesions (pancreatic endocrine carcinoma) as determined by histologic evaluation of surgical specimens.

###### 

Inter-rater agreement statistics for morphologic features
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Associations between morphologic features (absent vs. present) and outcomes (poor vs. not poor) were evaluated using hierarchical logistic regression. Features were included as fixed effects and raters were included as random effects. Inter-rater agreement was assessed with absolute agreement and chance-corrected agreement (Kappa). Discriminatory power was assessed using the area under the receiver operating characteristic (AUROC) curve. Statistical calculations (Kappa, logistic regression, ROC analysis) were performed using the Stata 13 (Stata Corporation, College Station, TX, USA). Recursive partitioning was conducted using the JPM 11.0 (SAS Corporation, Cary, NC, USA).

RESULTS {#sec1-3}
=======

Absolute inter-rater agreement ranged from 51.4% to 97.1% across the 20 morphologic features \[[Table 1](#T1){ref-type="table"}\]. [Table 2](#T2){ref-type="table"} shows the corresponding histologic diagnoses and clinical outcome with the cytologic category as poor or not poor outcome. The absolute agreement exceeded 70% for 14 of the 20 features. The chance-corrected agreement (Kappa) ranged from 0.12 to 0.54. Raters achieved Kappa scores of at least 0.3 for seven morphologic features (chromatin stringing, prominent nucleoli, irregular nuclear membranes, nuclear grooves, mitotic figures, necrosis, and 3-fold variation in nuclear size).

###### 

Tumor histologic grade, clinical follow-up, and cytologic risk for a poor outcome
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Sensitivity and specificity both range from 4% to 100% \[[Table 3](#T3){ref-type="table"}\]. Twelve of the twenty morphologic features showed statistically significant associations with poor outcomes \[[Table 4](#T4){ref-type="table"}\]. Overall discriminatory power was highest for irregular nuclear membranes (AUROC = 0.76), mitoses (AUROC = 0.71), 3-fold variation in nuclear size (AUROC = 0.67), and necrosis (AUROC = 0.65).

###### 

Accuracy statistics for morphologic features, area under the receiver operating characteristic curve
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###### 

Strength of association between morphologic features and poor outcomes
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Many of the morphologic features had statistically significant associations \[[Table 5](#T5){ref-type="table"}\]. For example, chromatin stringing had a statistically significant correlation with mitotic figures (*r* = 0.50, *P* \< 0.001). Irregular nuclear membranes had statistically significant correlations with nuclear grooves, mitotic figures, 3-fold variation in nuclear size, and the presence of necrosis.

###### 

Pairwise correlation matrix for selected morphologic features
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Recursive partitioning analysis showed that mitotic figures had the highest discriminatory power \[[Figure 1](#F1){ref-type="fig"}\]. All cases with mitotic figures were associated with poor outcomes (specificity of mitoses = 100%). Twenty-two percent of cases without mitotic figures had poor outcomes. Thus, lack of mitoses could not be used to exclude a poor outcome. Cases without mitoses could be further classified on the basis of irregular nuclear membranes and 3-fold variation in the nuclear size. There were no poor outcomes in cases, which lacked mitoses, irregular nuclear membranes, and a 3-fold or greater variation in nuclear size. Thus, the absence of these three markers is specific for nonpoor outcome. We developed two different scoring systems based on odds ratios \[[Table 6](#T6){ref-type="table"}\] and recursive partitioning \[[Table 7](#T7){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}\]. For the odds ratio method, we use the relative odds ratio of three factors:

![Classification and Regression Tree for Morphological Features. The tree splits the cases based on the features with the highest discriminatory power (mitotic figures). Then for each branch, the feature with the highest discriminatory power is selected](CJ-13-22-g006){#F1}

###### 

Scoring based on odds ratios
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###### 

Scoring based on recursive portioning
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Score = 4\*l (mitoses) + 4\*l (irregular nuclear membranes) + l (3-fold variation in nuclear size)

where l (X) is the indicator function and l (X) = 1 if feature X is present and l (X) = 0 if the feature X is absent \[[Table 5](#T5){ref-type="table"}\]. For the partitioning method, scores for the five categories are shown in [Figure 1](#F1){ref-type="fig"} \[[Table 7](#T7){ref-type="table"}\]. ROC analysis showed that there was no statistically significant difference between the two scoring systems. The area under the ROC curve was 0.90 for both methods. Both methods were able to achieve an accuracy rate of 84%. An ROC curve for the score based on odds ratios is presented in [Figure 2](#F2){ref-type="fig"}. Using the regression tree classification shown in [Figure 1](#F1){ref-type="fig"}, cytologic features stratified malignancy risk between 0% and 100% \[[Table 1](#T1){ref-type="table"}\]. Using a risk of malignancy of 60% for assigning a specimen to the poor risk category, cytology correctly assigned specimens to the poor outcome category in 9 of 12 cases (75%) and when high-grade lesions were excluded, correct assignment to the poor outcome category occurred in 5 of 8 cases (62.5%). The scoring system correctly assigned a case to the favorable category (risk 20% or below) in 20 of 24 cases (83%). Histologic grading using the WHO system correctly predicted aggressive behavior in 14 of 13 cases (37.7%) and when high-grade lesions were excluded histologic grading failed to predict aggressive behavior in any case. Figures [3](#F3){ref-type="fig"}--[5](#F5){ref-type="fig"} illustrate Grade 1 (risk of poor outcome 20% or less), Grade 2 (risk of poor outcome \>20 and ≤60%), and Grade 3 (risk of poor outcome 100%).

![Receiver operating characteristic curved for scoring scheme based on odds ratio](CJ-13-22-g009){#F2}

![Photomicrograph of low-grade neuroendocrine tumor. Cells have smooth nuclear contours and \<3-fold variation in nuclear size. No mitotic figures were present (Diff-Quik, ×1000)](CJ-13-22-g010){#F3}

![Photomicrograph of intermediate-grade neuroendocrine tumor. Cells have smooth nuclear contours, but greater than a 3-fold variation in nuclear size (Diff-Quik, ×400)](CJ-13-22-g011){#F4}

![Photomicrograph of high-grade (small cell carcinoma) neuroendocrine tumor. Cells show \>3-fold variation in nuclear size and irregularities of nuclear membranes. Rare mitotic figures were present in smear (Diff-Quik, ×1000)](CJ-13-22-g012){#F5}

DISCUSSION {#sec1-4}
==========

In 2010, the WHO published a classification for pancreatic endocrine neoplasms addressing both staging and grading issues.\[[@ref1]\] They proposed a three-tiered categorization system based on mitotic rate and PI as determined by Ki-67 staining.\[[@ref1]\] This classification system has been shown to have clinical utility.\[[@ref9]\] The WHO grading scheme is based on histopathologic material, and specific guidance was not given for the classification\'s application to cytologic material. The PSC developed guidelines for pancreatic and biliary tract cytology which include a categorization scheme with diagnostic criteria.\[[@ref4]\] In the PSC guidelines, pancreatic endocrine tumors are placed into one of two categories depending on cytomorphologic appearance. Grade 1 and 2 neoplasms of the WHO recommendations are placed in the "neoplasm, other" category and further categorized as pancreatic endocrine neoplasms. WHO high-grade lesions are placed in the malignant category with further categorization as pancreatic neuroendocrine carcinoma, either small or large cell variants.\[[@ref4]\] The WHO grading system for pancreatic endocrine neoplasms is most appropriately performed on resection specimens and not small biopsies as the small biopsy may not be representative of the final resection specimen grade. This limitation on histologic grading may be a reason for the superior predictive value of the cytologic grade over the histologic grade obtained from small biopsy specimens in the present study. Assignment of WHO low- and intermediate-grade pancreatic endocrine tumors to the "neoplasm, other" category of the PSC guidelines is based on the desire to maximize therapeutic options for treating clinicians and their patients. Thus, patients with histologically low- and intermediate-grade pancreatic neuroendocrine tumors could be followed if the patient\'s clinical status made operative intervention undesirable. These lower grade neoplasms were not assigned to the malignant category because it was believed such an assignment would make it difficult to clinically follow patients with low- and intermediate-grade pancreatic endocrine neoplasms if such neoplasms were designated cytologically malignant. The PSC guidelines made no attempt to distinguish between low- and intermediate-grade pancreatic endocrine tumors of the WHO classification and assigned both to a single category. A number of authors have recommended performing Ki-67 immunohistochemical staining on formalin fixed paraffin-embedded cell block preparations to prognostically stratify pancreatic endocrine neoplasms and have shown good correlation between such cytologic stratification and subsequent histologic grading of surgical resections.\[[@ref5][@ref6][@ref7][@ref8]\] This approach does require cell block preparations which may not always be obtained during EUS-FNA sampling. In some cases, only smear preparations are available for analysis and little data exists as to the possibility of and the methodology for stratifying pancreatic endocrine tumors in smear preparations.

We analyzed a series of 36 pancreatic endocrine neoplasms of which 32 were designated as "neoplasm, other" (pancreatic endocrine tumor) and four were diagnosed as malignant: Pancreatic endocrine carcinoma. We rated the Diff-Quik stained smear preparations for the presence or absence of 20 morphologic features and correlated these features with poor outcome (development of metastatic disease, death or high-grade history morphology on resection). While several of the features analyzed are nuclear features and might be better evaluated on Papanicolaou-stained preparations, the staining preparation generally used for rapid on-site assessment is air-dried Diff-Quik stained material. This preparation appears suitable for assessment of the features utilized in this study. Using these correlations, we developed two different scoring schemes based on odds ratios and recursive partitioning.

The statistical analyses revealed that mitotic count is highly specific for poor outcome. Poor outcomes were unlikely (\<20%) if mitoses were not present and the cells demonstrated no nuclear membrane irregularity or 3-fold variation in nuclear size. Cases that lacked mitotic figures on smear preparations but demonstrated nuclear membrane irregularity and a 3-fold variation in nuclear size had a 60% chance of a poor outcome. Morphologic features in our study were highly correlated \[[Table 3](#T3){ref-type="table"}\], so that it is difficult to build a predictive model. Once a feature is selected, correlating other features adds relatively little information to the model.

The scoring system developed by the odds ratio method utilized three morphologic factors as shown below:

Score = 4\*l (mitoses) + 4\*l (irregular nuclear membranes) + l (3-fold variation in nuclear size)

where l (X) is the indicator function and l (X) = 1 if the feature is present and 0 if the feature is absent \[[Table 6](#T6){ref-type="table"}\].

For the partitioning method, scores were based on the five categories shown in [Figure 1](#F1){ref-type="fig"} \[[Table 7](#T7){ref-type="table"}\]. Using recursive partitioning analysis, mitotic figures were shown to have the highest discriminatory power \[[Figure 1](#F1){ref-type="fig"}\]. All cases which had mitotic figures were associated with a poor outcome and specificity for mitoses was 100%. Twenty-two percent of cases without mitotic activity also had poor outcomes. Lack of mitoses could not be used to exclude a poor outcome. Cases lacking mitoses were further classified on the basis of irregular nuclear membranes and 3-fold variation in nuclear size. When mitotic figures, irregular nuclear membranes and 3-fold variation in nuclear size were absent, no poor outcomes were present. The evaluation of specimens for these three markers is a sensitive measure for poor outcome.

ROC analysis demonstrated that there was no statistically significant difference between the two scoring systems.

CONCLUSION {#sec1-5}
==========

The present study demonstrated that a simple scoring system utilizing the presence of mitotic figures, irregular nuclear membranes, and 3-fold or greater variation in nuclear size can subdivide pancreatic endocrine neoplasms into those with poor and those with a more favorable outcome. Given the prominence of mitotic rate and PI (Ki-67) in the WHO classification, it is not surprising that the presence of any mitotic figures is a strong predictor of poor outcome in smear preparations. The proposed scoring system is applicable to Diff-Quik stained smear preparations and is useful for evaluating both of the PSC categories "neoplasm, other (pancreatic endocrine neoplasm)" and malignant (pancreatic endocrine carcinoma). The scoring system is able to achieve an accuracy rate of 84%. The cytologic system had superior predictive value for poor outcome than did the WHO grading system which had an accuracy of classification of 69% (24 of 36 cases). The cytologic system is most useful when cell block preparations are not available for analysis. From the previously published data, cell block immunohistochemical staining for Ki-67 appears to represent the optimal technique to evaluate grade in cytologic specimens obtained from pancreatic endocrine neoplasms. Because our proposed cytologic scoring system yielded higher accuracy than histologic evaluation of small biopsy specimens, it might be considered as superior to evaluation by the WHO system for small samples. However, several studies have demonstrated the high reliability of cell blocks for grading, so we recommend their use when such material is available. When only smears are available for analysis, our scoring system appears to be a helpful alternative.
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